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Introduction 

Clinical  trials  of  active  immunotherapy  in  breast  carcinoma  patients  have  suffered  from 
the  use  of  vaccines  that  induee  only  humoral,  but  not  cellular,  immunity  (1,2)  or  lack  specificity 
(3).  Preclinical  and  clinical  studies  with  cancer  vaccines  have  demonstrated  a  correlation 
between  the  induction  of  humoral  or  cellular  immunity  and  tumor  growth  inhibition  (4-12). 

Thus,  tumor  vaecines  ideally  should  induce  both  humoral  and  cellular  immunity  and  induced 
immunity  should  be  specific  for  the  tumor  cells.  The  major  goal  of  this  study  is  to  test  tumor- 
speeific  vaceines  against  breast  carcinoma  in  a  relevant  rat  model.  Mutated  epidermal  growth 
factor  receptor  (mEGF-R)  is  expressed  by  a  high  proportion  of  breast  carcinoma  tissues  derived 
from  various  patients,  but  not  several  normal  tissues  tested  (13;  and  our  unpublished  data 
described  in  the  original  proposal).  mEGF-R  is  expressed  both  on  the  surface  and  in  the 
eytoplasm  of  tumor  cells  (13),  rendering  it  a  target  for  both  B  and  T  cells.  Furthermore,  targeting 
of  ir£GF-R  may  exert  direct  anti-proliferative  effects  (14). 

We  have  chosen  a  rat  model  of  mEGF-R  vaccines  for  the  proposed  studies  because  of  the 
availability  of  cloned  normal  rat  EGF-R  (15)  and  MHC  class  I  and  n  positive  rat  mammary 
carcinoma  cells  with  either  high  or  low  metastatic  capability  (16,17).  The  most  specific  vaccine 
of  mEGF-R  consists  of  the  minimal  sequence,  including  the  mutation,  that  elicits  B-  and/or  T- 
cell  responses.  We  have  chosen  peptides  of  mEGF-R  for  induction  of  T  cells,  analogous  to 
studies  performed  successfully  with  peptide  vaccines  by  other  groups  (18-24)  and  our 
collaborators  (25-27)  in  various  antigen  systems.  Anti-idiotypic  antibody  vaccines  will  be 
produced  to  induce  B  cell  immunity  to  mEGF-R.  Our  studies  have  demonstrated  that  anti¬ 
idiotypes  can  induce  humoral,  cellular  and  protective  immunity  in  colorectal  cancer  patients  (28- 
30).  Molecular  cloning  of  anti-idiotypic  antibodies  recently  developed  in  our  laboratory  (31,32) 
has  numerous  advantages  over  traditional  approaches,  such  as  high  sensitivity,  specificity  and 
ease  and  economy  of  production. 

In  conclusion,  mEGF-R  is  a  unique  target  for  active  specific  immunotherapy  of  breast 
carcinoma,  based  on  its  specificity,  frequency  of  expression,  potential  for  aetivating  both  B  and  T 
cells,  and  availability  of  an  ideal  animal  model  of  active  immunotherapy.  The  studies  will 
provide  the  rationale  for  specific  active  immunotherapy  of  breast  carcinoma  patients.  The  results 
we  will  obtain  with  mEGF-R  in  the  rat  mammary  carcinoma  model  may  be  applicable  to  other 
tumor  systems,  such  as  lung  carcinomas  and  gliomas  which  also  express  mEGF-R  (13,33). 

Body  of  Work 

During  the  first  year  of  funding  (July  96-June  97),  our  efforts  focused  on  the  generation 
of  rat  manunary  carcinoma  cells  expressing  rat  mEGF-R.  These  cells  are  needed  for  the 
proposed  studies  on  the  induction  of  humoral,  cellular  and  protective  immunity  against  breast 
carcinomas  targeting  rat  mEGF-R.  For  transfection  of  the  cells  with  rat  mEGF-R  cDNA,  we 
used  an  expression  vector  that  had  been  produced  before  in  our  laboratory  and  has  been 
described  in  detail  in  the  original  application.  Rat  mammary  carcinoma  cells  MTLN3  were 
transfected  with  PcDNA3-rat-mEGF-R  vector  containing  G418  selectable  marker.  Stable 
transfeetants  were  selected  with  G418  and  cloned.  Eight  clones  were  frozen  and  one  of  them 
(MTLN3-pc/RmEGF-R)  was  eharacterized  in  detail.  Both  the  parental  MTLN3  cells  and  the 
transfeetants  reacted  in  FACS  analysis  of  intact  cells  with  rabbit  serum  speeific  for  the 
extracellular  domain  of  normal  rat  EGF-R;  transfeetants  demonstrated  higher  serum  reactivity 
than  the  parental  cells  (Fig.  1  in  Appendix).  However,  monoclonal  antibody  L8  that  specifically 
binds  to  human  mEGF-R  did  not  react  with  the  transfeetants,  although  it  did  react  with  murine 
cells  expressing  transfeeted  human  mEGF-R  (results  not  shown).  Therefore,  we  investigated  by 
Western  blot  analyses  whether  the  transfeetants  express  the  mutated  protein.  The  145  kDa  band 
charaeteristic  of  inEGF-R  was  indeed  detected  in  the  transfeetants  using  rabbit  antibody  to 
normal  rat  mEGF-R  (intracellular  domain)  (Fig.  2,  Appendix),  whereas  no  such  band  was 
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detected  when  MAb  L8  was  used  (not  shown).  As  expected,  the  170  kDa  band  characteristic  of 
normal  rat  EGF-R  was  also  detected.  Western  blot  analysis  of  membrane  extracts  did  not  reveal 
presence  of  the  145  kDa  rat  mEGF-R  protein  (data  not  shown).  Thus,  the  inability  of 
monoclonal  antibody  L8  to  react  with  the  transfectants  by  FACS  and  Western  blot  analysis  may 
be  due  to  the  apparent  differences  in  the  amino  acid  sequences  between  the  rat  and  human 
mutated  epitopes.  Alternatively,  the  mutated  epitope  may  not  be  correctly  expressed  by  the 
transfectants.  We  are  currently  sequencing  the  transfected  mEGF-R  cDNA  isolated  from  the 
cells  by  RT-PCR.  The  transfectants  were  further  characterized  for  their  tumorigenicity  in 
syngeneic  rats  following  injection  of  the  cells  into  the  mammary  fat  pad.  The  transfectants  were 
significantly  (P<  0.05;  Student's  t-test)  more  tumorigenic  than  the  parental  cells  using  identical 
numbers  of  cells  in  the  inoculum  (Fig.  3,  Appendix),  confirming  a  previous  report  (14). 

A  major  goal  of  our  initial  studies  was  to  produce  vaccines  of  rat  mEGF-R  for  use  in  later 
experimental  active  immunotherapy  studies.  These  vaccines  comprise  anti-idiotypic  antibodies 
and  peptides,  both  mimicking  the  mEGF-R  epitope.  Monoclonal  antibody  reactive  to  the  rat 
mEGF-R  epitope  is  needed  as  the  basis  for  production  of  anti-idiotypes.  Since  monoclonal 
antibody  L8  to  the  human  mEGF-R  epitope  did  not  react  with  the  rat  mammary  carcinoma  cells 
transfected  with  rat  mEGF-R  cDNA,  although  they  expressed  the  mEGF-R  protein  (see  above), 
we  decided  to  produce  monoclonal  antibody  to  rat  mEGF-R  protein  in  mice.  As  a  first  step 
toward  this  goal,  we  produced  rat  mEGF-R  protein  in  baculovirus  for  immunization  of  mice  in 
order  to  obtain  a  monoclonal  antibody  against  the  mutated  epitope.  A  baculovirus  expression 
vector  for  rat  mEGF-R  was  constructed  and  the  presence  of  the  correct  insert  was  confirmed  by 
sequencing  (Fig.  4,  Appendix).  Recombinant  baculovirus  was  produced  and  used  to  infect  insect 
cells.  The  supernatant  of  the  infected  insect  cells  was  tested  by  Western  blot  analysis  for  the 
presence  of  the  mutated  protein  (extracellular  domain)  at  24, 48  and  72  hr  after  infection  of  the 
cells,  using  monoclonal  antibody  NCL-EGF-R  to  the  extracellular  domain  of  normal  human 
EGF-R  as  a  probe.  The  results  are  presented  in  Figs.  5  and  6  (see  Appendix).  Monoclonal 
antibody  NCL-EGF-R  reacted  with  the  41  kDa  band  characteristic  of  the  extracellular  domain  of 
rat  mEGF-R  in  24  hr  supernatants  (Fig.  5,  lane  6);  additional  bands  were  seen  in  the  48  hr  and  72 
hr  supernatants,  probably  reflecting  reactivity  of  the  antibody  with  enzymatically  degraded 
protein  (Fig.  5,  lanes  4  and  5).  Therefore,  rat  mEGF-R  protein  was  purified  from  24  hr 
supernatants  and  tested  in  Western  blot  using  NCL-EGF-R  antibody.  The  41  kDa  rat  mEGF-R 
protein  was  predominantly  detected  (Fig.  5,  lane  2).  The  protein  was  then  tested  in  ELISA  for 
reactivity  with  monoclonal  antibody  NCL-EGF-R  to  normal  human  EGF-R  and  monoclonal 
antibody  L8  to  mutated  human  EGF-R.  As  expected,  the  purified  rat  protein  reacted  specifically 
with  monoclonal  antibody  NCL-EGF-R,  but  not  with  control  mouse  myeloma  protein  (Fig.  6, 
Appendix).  NCL-EGF-R  did  not  react  with  BSA  control  protein,  confirming  the  specificity  of 
the  reaction.  To  our  surprise,  rat  mEGF-R  protein  also  specifically  reacted  with  monoclonal 
antibody  L8  inspite  of  the  absence  of  reactivity  of  this  antibody  with  mEGF-R  transfected  rat 
mammary  carcinoma  cells  (see  above). 

These  results  suggest  that  the  mutated  epitope  may  be  intact  when  presented  by  the 
recombinant  protein,  but  may  not  be  expressed  correctly  in  the  cells  transfected  with  mEGF-R 
cDNA,  although  these  cells  express  a  protein  of  the  size  characteristic  of  mEGF-R.  This 
emphasizes  the  need  for  sequencing  the  mutated  protein  in  the  transfectants  (see  above).  If  the 
transfectant  we  have  characterized  thus  far  does  not  express  rat  mEGF-R  epitope,  we  will  test  the 
other  8  transfected  clones  for  reactivity  with  monoclonal  antibody  L8.  If  positive,  clones  will  be 
characterized  in  detail  by  Western  blot  analysis  and  mEGF-R  will  be  sequenced. 

Five  peptides  mimicking  rat  mEGF-R  were  selected  for  vaccine  purposes  and  are  described  in 
detail  in  Table  1. 

Human  mutated  EGF-R  was  also  produced  in  baculovirus  by  constructing  a  vector 
similar  to  the  one  constructed  for  expression  of  rat  mEGF-R  (see  Fig.  4).  The  human  mutated 
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EGF-R  protein  is  needed  for  the  evaluation  of  breast  carcinoma  patients'  lymphocyte  reactivities 
with  the  mutated  protein  (Specific  Aim  3  of  the  original  proposal).  The  characteristics  of  the 
mutated  human  protein  are  shown  in  Figs.  5  and  6.  Western  blot  analyses  of  purified  human 
mEGF-R  protein  derived  from  baculovirus  revealed  the  30  kDa  protein  characteristic  of  the 
extracellular  domain  of  human  mEGF-R  (Fig.  5,  lane  1).  Analysis  of  the  purified  protein  in 
ELISA  shows  its  reactivity  with  both  monoclonal  antibody  NCL-EGF-R  to  human  normal  EGF- 
R  and  antibody  L8  to  human  mEGF-R  (Fig.  6).  The  specificity  of  this  reaction  is  emphasized  by 
the  absence  of  reactivity  of  control  mouse  myeloma  protein  with  human  mEGF-R  protein  and 
monoclonal  antibody  NCL-EGF-R  with  control  BSA  (Fig.  6). 

Conclusions 

During  the  initial  funding  period,  our  efforts  focused  on  the  establishment  of  the  rat 
model  of  active  specific  immunotherapy  against  mEGF-R,  a  breast  carcinoma-specific  antigen. 
Rat  mammary  carcinoma  cells  expressing  rat  mEGF-R  and  vaccines  of  the  mutated  protein 
needed  to  be  developed  in  order  to  evaluate  in  subsequent  studies  the  vaccine  effects  against 
growth  of  mEGF-R  positive  mammary  carcinoma  cells  in  rats.  Rat  mammary  carcinoma  cells 
were  transfected  with  rat  mEGF-R  cDNA  and  a  transfected  clone  was  characterized.  The 
transfectants  expressed  the  mutated  protein,  in  addition  to  the  constitutively  expressed  normal 
EGF-R  protein,  as  determined  by  Western  blot  analyses  of  whole  cell  extracts.  The  transfectants 
were  tumorigenic  in  syngeneic  rats.  Sequencing  of  the  mutated  protein  will  confirm  expression 
of  the  mutated  epitope.  To  develop  mEGF-R  vaccines,  peptides  and  recombinant  proteins  (for 
production  of  anti-idiotype  vaccines)  were  produced  in  baculovirus  and  expression  of  the 
mutated  epitope  by  the  protein  was  confirmed.  Thus,  we  have  fulfilled  the  goals  originally 
proposed  for  the  first  year  of  study.  The  model  we  have  established  will  be  useful  for  the 
evaluation  of  mEGF-R  tumor-specific  vaccines  against  mammary  carcinoma  in  our  subsequent 
studies. 

References 

1.  MacLean,  G.D.,  Reddish,  M.,  Koganty,  R.R.,  Wong,  T.,  Gandhi,  S.,  Smolenski,  M., 
Samuel,  J.,  Nabholtz,  J.M.  and  Longenecker,  B.M.  1993.  Immunization  of  breast  cancer 
patients  using  a  synthetic  sialyl-Tn  glycoconjugate  plus  Detox  adjuvant.  Cancer 
Immunol.  Immunother.  36:215-222. 

2.  MacLean,  G.D.,  Reddish,  M.A.,  Bowen- Yacyshyn,  M.B.,  Poppema,  S.  and  Longenecker, 
B.M.  1994.  Active  specific  immunotherapy  against  adenocarcinomas.  Cancer  Invest. 
12:46-56. 

3.  Lytle,  G.H.,  McGee,  J.M.,  Yamanashi,  W.S.,  Malnar,  K.  and  Bellefeuille,  C.  1994.  Five- 
year  survival  in  breast  cancer  treated  with  adjuvant  immunotherapy.  Am.  J.  Surg. 
168:19-21. 

4.  Livingston,  P.O.,  Natoli,  E.J.,  Calves,  M.J.,  Stockert,  E.,  Oettgen,  H.  and  Old,  L.J.  1987. 
Vaccines  containing  purified  GM2  ganglioside  elicit  GM2  antibodies  in  melanoma 
patients.  Proc.  Natl.  Acad.  Sci.  USA  84:2911-2915. 

5.  Wallack,  M.K.,  Bash,  J.A.,  Leftheriotis,  E.,  Seigler,  H.,  Bland,  K.,  Wanebo,  H.,  Balch,  C. 
and  Bartolucci,  A.  A.  1987.  Positive  relationship  of  clinical  and  serologic  responses  to 
vaccinia  melanoma  oncolystate.  Arch.  Surg.  122:1460-1463. 

6.  Mittelman,  A.,  Chen,  Z.J.,  Yang,  H.,  Wong,  G.Y.  and  Ferrone,  S.  1992.  Human  high 
molecular  weight  melanoma-associated  antigen  (HMW-MAA)  mimicry  by  mouse  anti- 
idiotypic  monoclonal  antibody  MK2-23:  induction  of  humoral  anti-HMW-MAA 
immunity  and  prolongation  of  survival  in  patients  with  stage  IV  melanoma.  Proc.  Natl. 
Acad.  Sci.  USA  89:466-470. 

7.  Portoukalian,  J.,  Carrel,  S.,  Dore,  J.-F.  and  Rumke,  P.  1991.  Humoral  immune  response 
in  disease-free  advanced  melanoma  patients  after  vaccination  with  melanoma-associated 
gangliosides.  Int.  J.  Cancer  49:893-899. 


7 


HERLYN,  Dorothee 


DAMD17-96-1-6237 


8.  Riethmuller,  G.,  Schneider-Gadicke,  E.,  Schlimok,  G.,  Schmiegel,  W.,  Raab,  R., 

Hoffken,  K.,  Gruber,  R.,  Pichlmaier,  H.,  Hirche,  H.,  Pichlmayr,  R.,  Buggisch,  P.,  Witte,  J. 
and  the  German  Cancer  Aid  17-1 A  Study  Group.  1994.  Randomised  trial  of  monoclonal 
antibody  for  adjuvant  therapy  of  resected  Dukes'  C  colorectal  carcinoma.  Lancet 
343:1177-1183. 

9.  Sahasrabudhe,  D.M.,  deKemion,  J.B.,  Pontes,  J.E.,  Ryan,  D.M.,  O'Donnell,  R.W., 
Marquis,  D.M.,  Mudholkar,  G.S.  and  McCune,  C.S.  1986.  Specific  immunotherapy  with 
suppressor  function  inhibition  for  metastatic  renal  cell  carcinoma.  J.  Biol.  Resp.  Mod. 
5:581-594. 

10.  Mitchell,  M.S.,  Kan-Mitchell,  J.,  Kempf,  R.A.,  Harel,  W.,  Shau,  H.  and  Lind,  S.  1988. 
Active  specific  immunotherapy  for  melanoma:  Phase  I  trial  of  allogeneic  lysates  and  a 
novel  adjuvant.  Cancer  Res.  48:5883-5893. 

1 1.  Berd,  D.,  Maguire,  H.C.,  Jr.,  McCue,  P.  and  Mastrangelo,  M.M.  1990.  Treatment  of 
metastatic  melanoma  with  an  autologous  tumor-cell  vaccine:  Clinical  and  immunologic 
results  in  64  patients.  J.  Clin.  Oncol.  8:1858-1867. 

12.  Liebrich,  W.,  Schlag,  P.,  Manasterski,  M.,  Lehner,  B.,  Stohr,  M.,  Moller,  P.  and 
Schirrmacher,  V.  1991.  In  vitro  and  clinical  characterization  of  a  Newcastle  disease 
virus-modified  autologous  tumor  cell  vaccine  for  treatment  of  colorectal  cancer  patients. 
Eur.  J.  Cancer  27:703-710. 

13.  Wikstrand,  C.J.,  Hale,  L.P.,  Batra,  S.K.,  Hill,  M.L.,  Humphrey,  P.A.,  Kurpad,  S.N., 
McLendon,  R.E.,  Moscatello,  D.,  Pegram,  C.N.,  Reist,  C.J.,  Traweek,  S.T.,  Wong,  A.J., 
Zalutsky,  M.R.  and  Bigner,  D.D.  1995.  Monoclonal  antibodies  against  EGFRvIII  are 
tumor  specific  and  react  with  breast  and  lung  carcinomas  and  malignant  gliomas.  Cancer 
Res.  55:3140-3148. 

14.  Nishikawa,  R.,  Ji,  X.-D.,  Harmon,  R.C.,  Lazar,  C.S.,  Gill,  G.N.,  Cavenee,  W.K.  and 
SuHuang,  H.-J.  1994.  A  mutant  epidermal  growth  factor  receptor  common  in  human 
glioma  confers  enhanced  tumorigenicity.  Proc.  Natl.  Acad.  Sci.  USA  91:7727-7731. 

15.  Fetch,  L.A.,  Harris,  J.,  Raymond,  V.W.,  Blasband,  A.,  Lee,  D.C.  and  Earp,  H.S.  1990.  A 
truncated,  secreted  form  of  the  epidermal  growth  factor  receptor  is  encoded  by  an 
alternatively  spliced  transcript  in  normal  rat  tissue.  Mol.  Cell.  Biol.  10:2973-2982. 

16.  Neri,  A.,  Welch,  D.,  Kawaguchi,  T.  and  Nicolson,  G.L.  1982.  Development  and  biologic 
properties  of  malignant  cell  sublines  and  clones  of  a  spontaneously  metastasizing  rat 
mammary  adenocarcinoma.  J.  Natl.  Cancer  Inst.  68:507-517. 

17.  Lichtner,  R.B.,  Kaufmann,  A.M.,  Kittmann,  A.,  Rohde-Schulz,  B.,  Walter,  J.,  Williams, 

L. ,  Ullrich,  A.,  Schirrmacher,  V.  and  Khazaie,  K.  1995.  Ligand  mediated  activation  of 
ectopic  EGF  receptor  promotes  matrix  protein  adhesion  and  lung  colonization  of  rat 
mammary  adenocarcinoma  cells.  Oncogene  10:1823-1832. 

18.  Peace,  D.J.,  Smith,  J.W.,  Chen,  W.,  You,  S.-G.,  Cosand,  W.L.,  Blake,  J.  and  Cheever, 

M. A.  1994.  Lysis  of  ras  oncogene-transformed  cells  by  specific  cytotoxic  T 
lymphocytes  elicited  by  primary  in  vitro  immunization  with  mutated  ras  peptide.  J.  Exp. 
Med.  179:473-479. 

19.  Yanuck,  M.,  Carbone,  D.P.,  Pendleton,  C.D.,  Tsukui,  T.,  Winter,  S.F.,  Minna,  J.D.  and 
Berzofsky,  J.A.  1993.  A  mutant  p53  tumor  suppressor  protein  is  a  target  for  peptide- 
induced  CD8+  cytotoxic  T-cells.  Cancer  Res.  53:3257-3261. 

20.  Peace,  D.J.,  Chen,  W.,  Nelson,  H.  and  Cheever,  M.A.  1991.  T  cell  recognition  of 
transforming  proteins  encoded  by  mutated  ras  proto-oncogenes.  J.  Immunol.  146:2059- 
2065. 

21.  Fenton,  R.G.,  Taub,  D.D.,  Kwak,  L.W.,  Smith,  M.R.  and  Longo,  D.L.  1993.  Cytotoxic 
T-cell  response  and  in  vivo  protection  against  tumor  cells  harboring  activated  ras  proto¬ 
oncogenes.  J.  Natl.  Cancer  Inst.  85:1294-1302. 

22.  Fossum,  B.,  Olsen,  A.C.,  Thorsby,  E.  and  Gaudemack,  G.  1995.  CD8+  T  cells  from  a 
patient  with  colon  carcinoma,  specific  for  a  mutant  p21-ras-derived  peptide 


8 


HERLYN,  Dorothee 


DAMD17-96-1-6237 


(GLY ^3_»ASP),  are  cytotoxic  towards  a  carcinoma  cell  line  habouring  the  same  mutation. 
Cancer  Immunol.  Immunother.  40:165-172. 

23.  Feltkamp,  M.C.W.,  Smits,  H.L.,  Vierboom,  M.P.M.,  Minnaar,  R.P.,  de  Jongh,  B.M., 
Drifjhout,  J.W.,  ter  Schegget,  J.,  Melief,  C.J.M.  and  Kast,  M.W.  1993.  Vaccination  with 
cytotoxic  T  lymphocyte  epitope-containing  peptide  protects  against  a  tumor  induced  by 
human  papillomavirus  type  16-transformed  cells.  Eur.  J.  Immunol.  23:2242-2249. 

24.  Apostolopoulos,  V.,  Xing,  P.-X.  and  McKenzie,  I.F.C.  1994.  Murine  immune  response 
to  cells  transfected  with  human  MUCl:  Immunization  with  cellular  and  synthetic 
antigens.  Cancer  Res.  54:5186-5193. 

25.  Dietzschold,  B.,  Wang,  H.,  Rupprecht,  C.E.,  Cells,  E.,  Tollis,  M.,  Ertl,  H.,  Heber-Katz,  E. 
and  Koprowski,  H.  1988.  Induction  of  protective  immunity  against  rabies  by 
immunization  with  rabies  virus  ribonucleoprotein.  Proc.  Natl.  Acad.  Sci.  USA  84:9165- 
9169. 

26.  Ertl,  H.C.J.,  Dietzschold,  B.,  Gore,  M.,  Otvos,  L.,  Jr.,  Wunner,  W.H.  and  Koprowski,  H. 
1989.  Induction  of  rabies  virus-specific  T-helper  cells  by  synthetic  peptides  that  carry 
dominant  T-helper  cell  epitopes  of  the  viral  ribonucleoprotein.  J.  Virol.  63:2885-2892. 

27.  Ertl,  H.C.J.,  Dietzschold,  B.  and  Otvos,  L.,  Jr.  1991.  T  helper  cell  epitope  of  rabies  virus 
nucleoprotein  defined  by  tri-  and  tetrapeptides.  Eur.  J.  Immunol.  21:1-10. 

28.  Herlyn,  D.,  Wettendorff,  M.,  Schmoll,  E.,  Iliopoulos,  D.,  Schedel,  I.,  Dreikhausen,  U., 
Raab,  R.,  Ross,  A.H.,  Jdcsche,  H.,  Scriba,  M.  and  Koprowski,  H.  1987.  Antiidiotype 
immunization  of  cancer  patients:  Modulation  of  the  immune  response.  Proc.  Natl.  Acad. 
Sci.  USA  84:8055-8059. 

29.  Herlyn,  D.,  Harris,  D.,  Zaloudik,  J.,  Sperlagh,  M.,  Maruyama,  H.,  Jacob,  L.,  Kieny,  M.- 
P.,  Scheck,  S.,  Somasundaram,  R.,  Hart,  E.,  Ertl,  H.,  and  Mastrangelo,  M.  1994. 
Immuno-modulatory  activity  of  monoclonal  anti-idiotypic  antibody  to  anti-colorectal 
carcinoma  antibody  CO  17-1 A  in  animals  and  patients.  J.  Immunother.  151:303-31 1. 

30.  Somasundaram,  R.,  Zaloudik,  J.,  Jacob,  L.,  Benden,  A.,  Sperlagh,  M.,  Hart,  E.,  Marks, 

G.,  Kane,  M.,  Mastrangelo,  M.,  and  Herlyn,  D.  1995.  Induction  of  antigen-specific  T- 
and  B-cell  immunity  in  colon  carcinoma  patients  by  anti-idiotypic  antibody.  J.  Immunol. 
155:3253-3261. 

31.  Kasai,  Y.,  Herlyn,  D.,  Sperlagh,  M.,  Maruyama,  H.,  Matsushita,  S.  and  Linnenbach,  A.J. 
1992.  Molecular  cloning  of  murine  monoclonal  anti-idiotypic  Fab.  J.  Immunol.  Methods 
155:77-89. 

32.  Pereira,  S.,  VanBelle,  P.,  Elder,  D.,  Maruyama,  H.,  Jacob,  L.,  Sivanandham,  M.,  Wallack, 
M.,  Siegel,  D.,  and  Herlyn,  D.  1997.  Combinatorial  antibodies  against  human  malignant 
melanoma.  Hybridoma  16:  11-16. 

33.  Garcia  de  Palazzo,  I.E.,  Adams,  G.P.,  Sundareshan,  P.,  Wong,  A.J.,  Testa,  J.R.,  Bigner, 
D.D.  and  Weiner,  L.M.  1993.  Expression  of  mutated  epidermal  growth  factor  receptor 
by  non-small  cell  lung  carcinoma.  Cancer  Res.  53:3217-3220. 

34.  Humphrey,  P.A.,  Wong,  A.J.,  Vogelstein,  B.,  Zalutsky,  M.R.,  Fuller,  G.N.,  Archer,  G.E., 
Friedman,  H.S.,  Kwatra,  M.M.,  Bigner,  S.H.  and  Bigner,  D.D.  1990.  Anti-synthetic 
peptide  antibody  reacting  at  the  fusion  junction  of  deletion-mutant  epidermal  growth 
factor  receptors  in  human  glioblastoma.  Proc.  Natl.  Acad.  Sci.  USA  87:4207-4211. 

35.  Rammensee,  H.-G.,  Friede,  T.  and  Stevanovic,  S.  1995.  MHC  ligands  and  peptide 
motifs:  first  listing.  Immunogenetics  41:178-228. 


9 


FACS  analysis  of  MTLN3  rat  mammary  carcinoma 
transfectants  for  rat  EGF-R  expression 
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Fig.1.  FACS  analysis  of  rat  EGF-R  expression  in  MTLN3  transfectants. 
MTLN3-pc  or  MTLN3-pc/RmEGF-R  cell  lines  were  incubated  with  normal  (nl) 
rabbit  serum  or  rabbit  serum  #1 382  (1 : 50  dilution)  against  normal  rat  EGF-R 
extracellular  domain.  FITC-labeled  goat  anti-rabbit  IgG  (1 :200  dilution)  was 
used  for  FACS  analysis.  Serum  #1 382  binds  significantly  higher  to 
MTLN3-pc/RmEGF-R  cells  expressing  both  nl  and  mutated  EGF-R  compared  to 
MTLN3-pc  with  only  nl  EGF-R. 
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Expression  of  rat  mutated  EGF-R  in  transfected  rat 
mammary  carcinoma  cells  MTLN3 


Fig.2.  Western  blot  analysis  of  rat  (R)  mutated  (m)EGF-R  expression  by 
transfected  MTLN3  rat  mammary  carcinoma  cells.  Lysates  (100  ug  of 
protein)  of  cell  lines  MTLN3-pc/RmEGF-R;  MTLN3-pc;  negative  control 
cells  K562,  and  1 0  ug  of  lysate  of  positive  control  epidermoid 
carcinoma  cells  A431  and  NR6M  cells  transfected  with  human  (m)EGF-R 
were  separated  on  7.5%  SDS-PAGE  gel  and  transferred  to  nitrocellulose. 
The  membrane  was  blocked  with  5%  dry  milk  in  PBS  with  0.05%  of 
Tween  20  and  incubated  with  rabbit  serum  #22  (diluted  1:1000)  against 
rat  EGF-R  (specific  for  intracellular  domain)  and  receptor  expression 
was  detected  by  chemoluminescent  reaction  with  HRPO-labeled  goat 
anti-rabbit  IgG  diluted  1 :3000.  A  1 70  kDa  normal  EGF-R  protein  was 
detected  in  ail  lines  except  K562  cells,  and  the  145  kDa  mutated  EGF-R 
protein  was  detected  in  the  MTLN3-pc/RmEGFR-R  and  NR6M 
transfectants,  but  not  in  parental  MTLN3  cells. 
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Tumorigenicity  of  MTLN3  and  MTLN3-RmEGF-R  transfectants 


1x1 0®  (MTLN3/pc/RmEGF-R) 
5x1 0^  (MTLN3/pc/RmEGF-R) 
1  x1 0^  (MTLN3/pc/RmEGF-R) 
5x1 05(MTLN3/pc) 


Fig.3.  Tumor  growth  following  mammary  fat  pad  inoculation  of  MTLN3-pc  and  MTLN3- 
pc/RmEGF-R  cells.  Fisher  344  rats  (5/group)  were  inoculated  with  either  MTLN3-pc  (5x10® 
cells/rat )  or  MTLN3-pc/RmEGF-R  ceils  (1x10®  to  1x10®  cells/rat)  at  three  different  doses.  Tumor 
volumes  were  recorded  at  weekly  intervals.  Stars  represent  significant  differences  (P<0.05) 
between  MTLN3-pc  group  and  either  the  1x10®  or  5x10®  MTLN3-pc/RmEGF-R  . 
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Recombinant  baculovirus  rat  mutated 
EGF-R  expression  vector 
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Fig.4.  Construction  of  recombinant  baculovirus  rat  mutated  EGF-R  expression 
vector.  A  1.1  kb  PCR  product  with  extracellular  domain  from  plasmid  DNA 
pc/frmEGF-R  was  ligated  into  EcoRI/BamHI  site  of  pVL1393  baculovirus  vector. 
The  insert  was  confirmed  by  sequencing  and  restriction  enzyme  digestion. 
MCS:  multiple  cloning  site. 
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Fig.  5.  Western  blot  analysis  of  recombinant  extracellular  domain  of 
human  (H)  mutated  (m)  EGF-R  (272  aa.  residues! -539)  and  rat  (R)  mEGF-R 
(379  aa.  residues  1-646)  proteins  derived  from  recombinant 
baculoviruses.  1 0  ul  of  supernant  from  insect  cells  infected  with 
recombinant  HmEGF-R  barculovirus  (lane  1),  0.1  ug  of  purified  RmEGF-R 
protein  (lane  2),  10  ul  of  negative  control  GA  733  supernant  (lane  3),  10  ul 
of  supernant  from  insect  cells  infected  with  recombinant  rat  mutated 
EGF-R  baculovirus  and  collected  at  72  hr  (lane  4),  48  hr  (lane  5),  and  24  hr 
of  incubation  (lane  6),  and  0.1  ug  of  the  affinity  purified  human  mutated 
EGF-R  protein  (lane  7)  were  separated  on  1 2%  SDS-PAGE  gel,  and 
transferred  to  nitrocellulose.  The  membrane  was  subsequently  incubated 
with  mAb  to  human  EGF-R  extracellular  domain  (NCL-EGFR,1:50  dilution), 
and  antibody  binding  was  demonstrated  by  chemoluminescence  reaction  of 
HRPO-labeled  goat  anti-mouse  IgG  (1:2,000  dilution).  The  approximately 
30  kDa  HmEGF-R  protein  (lane  1 ,7)  and  41  kDa  RmEGF-R  protein  (lanes 
2, 4,5, 6)  are  shown.  No  band  was  detected  in  GA  733  control  supernant 
(lane  3). 
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O.D.  at  405  nm 


Baculovirus-derived  rat  mEGF-R  protein 


Target/antibody 

- Human-mEGFR/NCL-EGF-R 

-• -  Rat-mEGFR/NCL-EGF-R 

-a -  Human-mEGFR/L8 

-0 -  Rat-mEGFR/L8 

■■ - Human-mEGFR/P3 

■o -  Rat-mEGFR/P3 

-  BSA/NCL-EGF-R 


Fig.6.  Characteristics  of  rat  mEGF-R  protein  in  ELiSA.  Purified  rat  mEGF- 
R,  positive  controi  human  mutated  EGF-R  (2  ug/ml)  derived  from 
recombinant  bacuiovirus  or  BSA  controi  protein  (0.1%)  were  coated  onto 
microtiter  weiis.  mAb  NCL-EGFR  (targeting  normal  human  EGFR 
extracellular  domain),  L8A4  targeting  mutated  human  EGF-R  or  P3  mouse 
myeloma  protein  (negative  control)  were  added,  followed  by  incubation  with 
POD-goat  anti-mouse  IgG  (1 :5000  dilution).  Both  the  human  and  the  rat 
mEGF-R  proteins  significantly  bound  to  both  mAb  NCL-EGFR  and  mAb 
L8A4. 
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Tablet.  Peptides  of  Rat  mEGF-R 
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